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ABSTRACT
(I) The template synthesis and characterization of the complex of
praeseodymium acetate from 2,6-diacetylpyridine and ortho-
phenylenediamine was attempted. The attempted synthesis produced a
green precipitate with a high melting point and poor solubility in organic
solvents, unlikely characteristics for compound 1 seen on the
page. This project was set aside due to the apparent failure to produce the
desired compound.
(II) The effect of Wilkinson's catalyst on the treatment of cyclohexene
oxide with borane-THF at 72 for 5 1/2 hours was also investigated.
Oxidation of the organoborane formed by both the catalyzed and
uncatalyzed reactions produced cyclohexanol. Another significant product
was one which, according to GC-MS, had a molecular weight of 172. This
product was not completely identified. Studies of the progress of both the
catalyzed and uncatalyzed reactions were conducted using TLC. TLC
showed no evidence of the starting material, cyclohexene oxide, after 30
minutes of reflux. No change in the product mixture measured by TLC
occurred after 30 minutes for the catalyzed reaction and after 60 minutes for
the uncatalyzed reaction, indicating that the reactions were probably
complete at that point.
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INTRODUCTION
This thesis deals with two different research projects, both of which
are described below.
Part One describes the first research project: the attempted
synthesis and characterization of the praeseodymium (III) macrocyclic
complex (1) derived from 2,6-diacetylpyridine and orf/70-phenylene diamine.
2 OAc
CI -
n H20
(1)
Part Two describes the second research project: a study of the
hydroboration of cyclohexene oxide (2 ) and the effect of Wilkinsons catalyst
1
on this reaction. The products formed and the effect of the catalyst upon the
progress of the reaction were examined.
+ BHyTHF
catalyst
THF
Ethanol
NaOH
H202
(2)
no catalyst
+ BH3THF ==>3 THF
Ethanol
NaOH
H202
(2)
PART ONE: HISTORICAL REVIEW
Nuclear magnetic resonance is the most useful technique for organic
structure determination. 1 H NMR, which is frequently used, reveals the
number of nonequivalent protons present in a compound, the number of
neighboring protons, and finally the total number of each type of proton. As
with any spectrometric technique, resolution is a major concern, where
resolution is the separation between 1 H NMR signals. One method to
improve resolution is to increase the strength of the instrument magnetic
field in order to separate overlapping chemical shifts of nonequivalent
protons.
Solvent induced shifts have also proven to be useful in the
simplification of NMR spectra as demonstrated by Hinckley in 1969 (1). In
addition, paramagnetic ions were known to electrostatically interact with
electron rich substrates to cause NMR signal shifts as demonstrated by
Sanders and Williams in 1970 (2). As a result, the field of lanthanide shift
reagents expanded greatly during the next decade or so.
As the name suggests, LSRs (lanthanide shift reagents) employ
lanthanide metals to enhance the nonequivalence of nuclei to produce, in
many cases, first-order proton NMR spectra. LSRs require three basic
characteristics. First, the lanthanide metal cations must be paramagnetic.
Secondly, these LSRs must function as Lewis-acids: the Lewis-acidic site is
clearly the metal cation and these coordinate with the Lewis-base sites on
the organic substrate. Third, the LSRs should be soluble in nonpolar
organic solvents commonly used for NMR analysis. The NMR solvent
should be a nonpolar organic compound that is less Lewis-basic than the
substrate in order to avoid competition between the substrate and solvent for
the LSR (3).
In Figure 1 below, a proton NMR spectrum of 0.1 M toluene in
deuterated chloroform shows the effect of the binuclear shift reagents used
for spectrum (b) when compared with spectrum (a). The binuclear shift
reagents have peaks of their own, of course, but fortunately these peaks do
not appear in the same region as the toluene peaks. In Figure 2, the
structure of the shift reagents are shown (4).
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Figure 1 Figure 2.
Paramagnetic ions exert a strong magnetic field of their own which
has the capability of inducing shifts and thus spreading out NMR spectra (5).
In order for this secondary magnetic field to be influential, the nucleus of the
substrate must be in the vicinity of the cation. This is achieved due to the
equilibria established in the following equation:
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LSR + S = LSR-S where S = organic substrate
Crown ethers, macrocylic ethers of ethylene glycol, have been used
to encapsulate lanthanide metal cations. Employing crown ethers with the
appropriate cavity size made it possible for the metal cation to form
coordinate covalent bonds to the oxygen atoms in the ether. At the same
time, the hydrocarbon exterior around the metal cation made solubility in
nonpolar solvents possible. DeCann characterized the 15-crown-5
praeseodymium (III) nitrate complex and attempted to employ it as an NMR
shift reagent (5). The complex, however, was only soluble in polar solvents
and dissociated in solution. It was not any more effective as an NMR shift
reagent than praeseodymium (III) nitrate alone.
Nitrogen-containing macrocycles were shown to have some
advantages over crown ethers in 1983 by Hiroshi and Tsukube (6). The
hexaaza and tetraaza nitrogen containing macrocycles, shown in Figure 3,
were selective for ammonium cations over potassium cations as opposed to
a typical crown ether which was less selective among cations. The host
cation also bound more tightly to the nitrogen atoms of the polyamines than
to the oxygen atoms of the polyethers. This enabled the complex to be more
stable in solution.
c. . ; c 3
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Figure 3.
The field of lanthanide metal/nitrogen containing macrocyclic
complexes and their potential as proton NMR shift reagents has been
investigated by many researchers. In 1979, Alan Hart and co-workers
illustrated that the template condensation of 2,6 diacetylpyridine with
ethylenediamine gives the 18-member hexaaza macrocyclic complexes of
the type [M(N03 )3 L] where M=La or Ce and L= 2,7,1 3,1 8,-tetramethyl-
3,6,1 4,1 7,23,24-hexaazatricyclo [1 7.3.1 8-12] tetracosa-1(23),2,6,8,10, 12
(24), 1 3,1 7,1 9,21 -decaene (7). The complexes are kinetically stable in water
with respect to dissociation of the macrocycle. The Ce complex in particular
has proven to be a potential aqueous NMR shift reagent.
L.M. Vallarino and co-workers illustrated in 1984 that the 18-member
hexaaza-macrocyclic ligand having the formula C22H26 N6- can De frmed
via the templating effect, used by Hart, with any one of the lanthanide ions
(excluding radioactive Pm) along with the condensation of 2,6- diacetyl
pyridine and 1,2-diaminoethane (8):
r NHj H2N^ 0.1 M N.C1 r
N
... j y
N
n 2
OAc'
S Ln(OAc)j J " . ! J G"
O O
^ -v
nHjO
U Pr. Od. Eu. U
Research involving lanthanide metal/nitrogen containing macrocyclic
complexes and their potential as proton NMR shift reagents has continued at
Rochester Institute of Technology under the direction of T.C. Morrill and his
research students. Mary DiSano, during 1988-89, synthesized a hexaaza
macrocyclic ligand coordinated to Pr (3+) as a potential lanthanide shift
reagent (9). Nitrate, carbonate, picrate, and chloroacetate counteranions
were employed in order to put on anions that readily dissociate compared to
the original praseodymium acetate template complex. Unfortunately, a
successful lanthanide shift reagent was not synthesized. Insolubility of the
complexes in suitable NMR reagents, difficulties in purification of the
complexes, and failure of the complexes to induce meaningful NMR shifts in
the spectrum of 1- heptanol were some of the problems encountered.
During 1990, Eileen George, an undergraduate student at RIT,
attempted the reaction seen below (10). In this reaction, the acetate and
chloride anions on a hexaaza macromolecule are changed to
tetraphenylborate anions with the hope that the tetraphenylborate ions
would increase solubility in nonpolar NMR solvents and because of their
bulkiness would coordinate to the metal cation less strongly. The inhibited
coordination to the cation would, theoretically, allow the cation to coordinate
to basic sites in organic substrates and thus improve the resolution of the
NMR spectra of those substrates. This project was only partly successful
with respect to the attempt to change the anions on the complex to
tetraphenylborate anions. Analysis by IR and NMR showed that only one
tetraphenylborate anion had been substituted for the acetate and chloride
anions and not three as are indicated in the reaction below:
N. i N ^N-, I3:- NN 3B(CH)
f '"i*:1+ 1
2nA'
+ xsNaB(CH) ? > J
' ' *
^y.- ^y.
n H O
In the summer of 1 991 , Dr. Robert Bryant from the University of
Rochester suggested that a lanthanide macromolecule made with four
aromatic rings instead of two would make a complex that was more planar
and hence would make a better contrast agent for MRI (11). From that
suggestion came this thesis project: the synthesis of a hexaaza
macromolecule (1 ) from 2,6 - diacetylpyridine, ortfto-phenylenediamine, and
praeseodymium acetate using the template synthesis method successfully
employed by A. Hart (7) and L. Vallarino (8), and then, if the synthesis was
successful, to test it as a NMR shift reagent:
-A-a
NH2
NaCl
+ Pr(OAc)3
NH, CH3OH
2 OAc
a -
nH20
(1)
PART TWO: HISTORICAL REVIEW
The synthetic procedure which can lead to net anti-Markovnikov
hydration of an alkene is hydroboration-oxidation. It was developed by H.C.
Brown and his coworkers at Purdue University in the 1950's as part of a
broad program designed to demonstrate how boron-containing reagents
could be applied to organic chemical synthesis (12).
Diborane, B2H5, is a colorless gas which can dissolve in aprotic
solvents like tetrahydrofuran (THF). These solvents form
"loose" Lewis acid-
base complexes with borane, BH3 (13):
H
H* A /\
h'\\
* 2 (_J ' Mq
THF
Hydroboration is a reaction in which borane (BH3), or alternatively,
RBH2 or R2BH compounds add to a carbon-carbon bond. New carbon-
hydrogen and carbon-boron bonds are created. An alkylborane is formed
from an alkene in a hydroboration reaction. The B-H bond always adds syn
across a C=C bond (12):
R
0^
H
H BH3:THF
R h H rh
THF LI
The mechanism in Figure 4 below shows how the B-H unit adds to the
pi bond in an alkene (14). Because the pi bond is electron rich and borane
is electron poor, it is reasonable to formulate an initial Lewis acid-base
complex requiring the participation of the empty p orbital on BH3, as in the
borane-THF complex. Subsequently, one of the hydrogens is transferred by
means of a four-center transition state to one of the alkene carbons, while
the boron shifts to the other without any additional intermediates. The
stereochemistry is syn. All three B-H bonds are reactive in this way.
Hydroboration is not only stereospecific but also regioselective. The boron
binds to the less-hindered (less-substituted) carbon.
Q-0
Emprj p orfriul
Mechanism of Hydroboration:
-Q G
c
c-
H-B H
H>UXH
H
Boraiw-ilkent compkv
HjB
X
Figure 4.
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Following hydroboration, the organoborane is oxidized by treatment
with hydrogen peroxide in aqueous base. This is the oxidation stage of the
sequence; hydrogen peroxide is the oxidizing agent, and the organoborane
is converted to an alcohol (12):
VJUbh, H202
Cr^ OH
EtOH
O
The mechanism for the oxidation stage is (15):
H202 + 'OH >
HOO"
+ H20
\
/R
B-R + "OOH > [ B V ] >
/ /0N 0(0H
"OH + B-OR
/
H20
B-O-R > B-OH +ROH
' Hydrolysis
B-OH contains two more B-H bonds, so the above hydroboration-
oxidation process can take plaGe two more times.
Additional advantages of a hydroboration-oxidation synthesis of
alcohols are simplicity of procedure, relatively mild reaction conditions (for
11
example, temperature), high overall yields, and absence of skeletal
rearrangements (15).
In 1985, a paper was published by Mannig and Noth (16) on catalytic
hydroboration using Wilkinson's catalyst and a relatively unreactive
hydroborating reagent: 1 ,3,2-benzodioxabarole (catecholborane).
Catecholborane reacts with alkynes and alkenes, but only at elevated
temperatures:
aII B-H ? R-CC-H * Z"0^IL / 70 C H B-02 hn. O
catecholborane
C^O R
R" R h
R"
Bx \-Sf Vh ? sc-c' - y-4{ oL0/ R' - lOOj R^\
catecholborane
In the presence of Wilkinson catalyst, [chlorotris(triphenyl phosphine)
rhodium (I) ] (3), seen in Figure 5, these reactions proceeded rapidly (25
minutes) at room temperature (20).
/
Rh
PCPb3)
(Pb3)P<
':P(Pbj)
(3)
Figure 5.
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Moreover, when molecules such as 5-hexene-2-one, which contain
both a double bond and a carbonyl group, were reacted with catechol
borane in the presence of Wilkinson's catalyst, the carbon-carbon double
bond was completely reduced and the keto carbonyl was not reduced. See
reaction below. Therefore, Wilkinson's catalyst activated the double bond
and not the carbonyl (16).
CO- -*- -co
(3)
0
^
The complex mechanism for the result above was proposed by
Mannig and Noth in 1985 and can be represented by a catalytic loop (17).
See Figure 6. Wilkinson's catalyst is a 16 electron complex. In solution,
Wilkinson's catalyst dissociates with one of its triphenylphosphine ligands
and after oxidative addition of the B-H bond from catecholborane (and
possibly complexation with a solvent molecule), Wilkinson's catalyst
becomes a stable 18 electron complex. See (c) below. This complex then
binds with an olefin present in solution. The next step of the reaction
involves insertion of the double bond into the Rh-H bond. Once this is
complete, irreversible reductive elimination of the organoborane returns
Wilkinson's catalyst back to a 16 electron complex which can undergo
reaction again.
13
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Figure 6.
Wilkinson's catalyst was first used in 1966 for the homogeneous
hydrogenation of double and triple bonds (18). In fact, the hydroboration
mechanism above is merely a modification of the homogeneous
hydrogenation mechanism.
K
R'"
(3)
H2, 25 C
Ethanol
R
R"
* R'"
R' HR H
Before Wilkinson's catalyst, hydrogenations were performed
heterogeneously with metals such as platinum or palladium (19). These
reactions were often performed at high temperatures and pressures, and the
yields were often low. Wilkinson's catalyst hydrogenations can be
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performed at room temperature and standard pressure, with the time of
reaction being short and the yields high.
One interesting point about the ability of Wilkinson's catalyst to
activate double and triple bonds is the possibility of activating other pi
systems, or in the case of cyclopropane rings,
"pseudo"
pi systems.
The cyclopropane molecule has attracted a great deal of interest
because of its highly strained bond angles and its unusual chemistry, which
is in several respects similar to that of alkenes. Walsh (20) proposed an
orbital model for bonding in three-membered rings designed to account for
this similarity. Because the H-C-H bond angle in cyclopropane is close to
1 20 (21), Walsh chose sp2 hybridization for the carbon, with one hybrid
being used for each C-H bond and the third pointing directly into the center
of the ring. See (a) in Figure 7 below. The unhybridized p orbital then lies
in the ring plane. See (b) in Figure 7 below (22).
<
(bi
Figure 7.
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Walsh proposed that these atomic orbitals interact in two sets. The
three sp2 hybrids pointing toward the ring center overlap and form three
molecular orbitals, one bonding and two antibonding (22). These orbitals
are shown in (a) of Figure 8 below. The bonding member of the set holds
two electrons which are delocalized in the region inside the ring. The three
p orbitals interact through overlap that is between the end-on type
characteristic of sigma bonds and the side-on type characteristic of pi bonds
to form the three delocalized orbitals shown below in (b) of Figure 8. This
time two are bonding and one is antibonding. Each of the bonding pi-type
orbitals has one node, but the net effect is bonding.
7 V
i
<.*)
Figure 8.
The Walsh model makes clear the pi nature of cyclopropane and also
indicates that significant electron density will be concentrated outside the
equilateral triangle defined by the internuclear lines (22). The possibility
thus exists that hydroborating reagents activated by Wilkinson's catalyst
could facilitate the ring opening reaction of a cyclopropane ring.
Research in the area of using Wilkinson's catalyst to activate
cyclopropane rings in a hydroboration reaction has been carried on at
16
Rochester Institute of Technology under the direction of Dr. T.C. Morrill. One
of his students, Kevin Gillman, worked with quadricyclene (tetracyclo
[3.2.O.2-7 0 4'6 ] heptane) (23). Quadricyclene contains about 96 kcal/mole
of strain energy due to its restricted polycyclic nature. When Gillman
allowed quadricyclene to react with catecholborane and Wilkinson's
catalyst, the product was notricyclanol in 9.9% yield:
1. (PPhj^RiiCl
Catecbolborme
THF ,5C
2. H202 , OH
quadricyclene notricyclanol (9.9%)
Donna Chen, in the same laboratories, attempted the catalyzed
hydroboration of norcarane (bicyclo[4.1.0.]heptane) using BH3-THF. GC-MS
analysis showed that only the starting material, norcarane, appeared in the
ether extract (24):
o + BH3:THF
l.(PPh3)3Rha
Reflux
ZHjOj.OH
norcarane
Cyclohexene oxide, (7-oxabicyclo[4.1.0]heptane), (2) seen below is
very similar to norcarane except that it contains a 3-membered heterocyclic
ring. The oxygen atom has unshared pairs of electrons to which the rhodium
17
atom in Wilkinson's catalyst would be attracted. The research project
developed for this thesis was to study the hydroboration of cyclohexene
oxide (2) and the effect of Wilkinson's catalyst on this reaction.
+ BH3THF
catalyst
THF
no catalyst
+ BH3THF =7^r>3 THF
Ethanol
NaOH
H202
Ethanol
NaOH
H202
(2)
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EXPERIMENTAL SECTION
Instrumentation and Chemicals:
GC Spectra were obtained with a Hewlett Packard 5890
Series II Chromatograph. The Helium flow rate was 1.3 mL/min. A
J&W Durabond-5 capillary column was used that is relatively
nonpolar and composed of 95% dimethyl-(5%)-diphenyl-
polysiloxane.
GC Parameters Used: Initial temperature = 80 (2 minutes)
Ramp: 10/minute (7 minutes)
Final temperature = 150 (6 minutes)
Injection Port = 225
Detector = 225
GC-Mass Spectroscopy was performed on a Hewlett Packard
5995 Spectrometer which was equipped with a J&W Durabond-1
column composed of 100% dimethyl-polysiloxane (nonpolar). The
parameters used were the same as those listed for the gas
chromatograph above.
Infrared Spectra were obtained with a Perkin Elmer 1760X
FT-IR Spectrometer and also with a Perkin Elmer 681
Spectrophotometer. The solid samples in Part One were analyzed
as KBr pellets and the liquids obtained in Part Two were
dissolved in deuterated chloroform and analyzed between salt
cells.
19
The reagents and solvents used were purchased from
Aldrich Chemical Company, Inc., Fisher Scientific, Inc., and J.T.
Baker, Inc. No further purification of these chemicals was done.
Dry nitrogen was prepared by passing reagent grade nitrogen
from Linde Air Products through a Fieser's solution (25) followed
by passage through concentrated H2S04 and finally through
anhydrous KOH.
Proton NMR spectra were obtained on a Bruker 200 MHz,
courtesy of Fisons Pharmaceutical Company. Deuterated
chloroform was used as solvent.
TLC was done using silica gel glass plates, Si-250F,
obtained from J.T. Baker, Inc. The plates were developed with a
3:2 pentane:ethyl ether mixture and then sprayed with a developer
and heated on a hot plate. The development spray (26) was
composed of 0.5 mL p-anisaldehyde in 9 mL 95% ethanol
containing 0.5 mL H2S04 and a few drops of glacial acetic acid.
Liquid chromatographic (LC) columns were made using
fluorescent silica gel of pore size 60 obtained from E. Merck,
Germany.
All mobile phase solutions for TLC and for liquid
chromatographic columns were prepared in volume/volume ratios.
Melting points were determined with a Mel-temp apparatus
from Lab Specialties Inc. and required no correction as per
calibration by benzoic acid.
The thermogravimetric analysis was obtained from a
Perkin-Elmer TGS-2 instrument heated at a rate of 20
degrees/min. under nitrogen gas at a flow rate of 55 mL/min.
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PART ONE: EXPERIMENTAL SECTION
Attempted Template Synthesis of the Praeseodymium (III)
Macrocyclic Complex derived from 2,6-Diacetylpyridine and
Orf/70-phenylenediamine
c -a
NH2 NaCl
2 ^JL *L^ +2 B J + Pr(OAc)3
NH2 CH3OH
O
; %K N^^^ 2 OAc
-
a -
nH20
(1)
Praeseodymium acetate hydrate, 0.3720 g (1 mmol), was mixed with
anhydrous methanol and swirled into a 250 mL round-bottom flask. Then
0.3264 g (2 mmol) of 2,6 - diacetylpyridine dissolved in 20 mL methanol and
0.2163 g (2 mmol) of o/t/70-phenylenediamine dissolved in 5 mL methanol
were both poured into the flask. To this mixture was added 0.0292 g NaCl in
5 mL methanol.
The mixture refluxed at 65 for 5 hours. The color gradually changed over a
period of 3 hours from cloudy green to cloudy yellow. The reaction mixture
was allowed to cool to room temperature. A pale green precipitate
21
separated from the yellow reaction liquid and this was removed by filtration
through filter paper. The precipitate had a mass of 0.2536 g after being
dried in a 1 00 oven for one hour.
An IR spectrum of the green precipitate showed a strong broad band
between 3200 and 3400 cm"1 (OH) and two strong peaks between 1375 and
1575 cm-1 (COO"). There was also a weak narrow band at 1600 cm-1 (C=N).
The precipitate was slightly soluble in water and DMSO; it was insoluble in
benzene, chloroform, pyridine, ethyl acetate, carbon disulfide, and acetone.
While attempting to determine a melting point, the precipitate seemed to
shrink, looked slightly wet and became a darker green at 160. Between
220 and 260, the green solid stuck to the sides of the melting point tube,
while a greenish liquid rested on the bottom of the tube. At 280, the
material turned brown (decomposed).
The green precipitate was placed in a crucible for a combustion test. It
burned slowly and completely charred.
The precipitate tested negative for the presence of chloride ion. The
alcoholic silver nitrate test produced no precipitate and the Beilstein test
showed an orange flame.
Thermogravimetric analysis suggested that 4.9% of the green precipitate
was water.
Tests to determine purity with TLC were unsatisfactory due to the difficulty of
dissolving the precipitate in organic solvents.
This reaction was also carried out in acetonitrile and in dioxane as solvents.
Although some of the results obtained from product analysis were
22
unsatisfactory (especially solubility), complete characterization of the
products was not done.
This research project was set aside in October, 1992. The reasons for this
decision are discussed in Part One of the Results and Discussion section.
23
PART TWO: EXPERIMENTAL SECTION
Treatment of Cyclohexene Oxide with BoraneTHF Complex in
the presence of Wilkinson's Catalyst
+ BH3-THF
Ethanol
catalyst NaOH
THF H202
(2)
A 3-neck round-bottom flask was flushed by a five-minute flow of
deoxygenated and dried nitrogen gas. Then, 100 mL (0.1 mole) of 1 M
BH3-THF was injected into the flask using a syringe followed by the addition
of 0.1 g CIRh[P(C6H5)3]3, Wilkinson's catalyst. After the catalyst was
dissolved, 10.0 g (0.1 mole) of cyclohexene oxide was added. The color of
the reaction mixture changed from clear orange-brown to clear dark brown
within a half hour. A reflux was maintained at 72 for 5 1/2 hours along with
continuous stirring and a nitrogen atmosphere.
The reaction flask was then placed in an ice bath until the temperature of the
reaction mixture was approximately 5. Then 40 mL of 95% ethanol,
followed by 30 mL of 3M NaOH (aq) and 40 mL of 30% hydrogen peroxide
were added with continued stirring and a pause of several minutes after
each addition. The temperature rose to 20 with some fizzing after the
addition of ethanol. The mixture was allowed to cool 5-10 degrees. When
the NaOH was added, the temperature rose to approximately 30 and a
24
white solid formed. The reaction mixture gradually changed to a pale yellow
color after the addition of hydrogen peroxide. It was then allowed to sit
overnight with continued stirring.
The heterogeneous mixture of brown liquid and white solid in the reaction
flask was treated with 4 X 100 mL portions of ethyl ether. The separated
ether fraction was combined with anhydrous magnesium sulfate to remove
dissolved water, filtered, and then reduced in volume to 15 mL. At this point,
a cloudy, pale yellow oil was seen.
The white precipitate which formed when 3 M NaOH (aq) was added to the
reaction mixture became tinged with a pale yellow color after sitting in the
reaction mixture overnight. It was separated from the water fraction by
filtration through filter paper followed by flushing with distilled water. The
flushing removed some of the yellow color from the precipitate. The
precipitate was air dried; the mass was 2.4 grams.
The above reaction, workup, and extraction procedure was repeated three
times. The volume of the yellow oil obtained was 20 mL the second time and
18 mL the third time. Examination of the white precipitate was done just
once in the manner described later in this section.
Flame tests were done on BH3-THF and on the yellow oil to test for the
presence of boron. The flame of BH3-THF was yellow with green edges.
The flame of the yellow oil was predominantly blue with some yellow in it.
The yellow oil produced a burning sensation on the skin. It tested positive
for peroxide using acidified sodium chromate since the color of the chromate
ion changed from yellow to blue when mixed with a sample of the yellow oil.
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GC analysis of the pale, yellow oil showed it to be a mixture of two primary
products which were in a 5:1 ratio for trial one, 6:1 ratio for trial two, and a 5:1
ratio for trial three. The GC retention times of these two products were,
respectively, 4.2 and 10.6 minutes.
The retention times of the two products by GC-MS analysis (appendix) were
4.2 and 10.5 minutes. The molecular weight of the 4.2 minute product is 100
and the molecular weight of the 10.5 minute product is 172.
TLC of the yellow oil revealed three primary spots. The Rf values were 0.9,
0.7 and 0.2. The colors of the sprayed spots were dark blue, rose, and
brown respectively. The rose-colored spot had a small blue "cap" on it. TLC
of reagent grade cyclohexanol was done for comparative purposes. A rose-
colored spot with an Rf value of 0.7 was observed. See drawings below.
Rose-
Brown
<a <r
fy-o.2.
TLC of Unpurified Ether Extract TLC of Reagent Grade
Cyclohexanol
Attempts were made using liquid chromatography to separate the various
products in the yellow oil so that the TLC spots could be associated with
specific peaks seen in the GC analysis and the mass spectra. It was found
that separating the 0.9 spot (blue) from the 0.7 spot (rose) could be achieved
fairly well by eluting the column with pure hexane. The substance which
caused the fastest blue spot on the TLC plate travelled fastest through the
26
liquid silica gel column. When the column was flushed with mixtures of
hexane and pentane in various proportions (4:1 , 3:1 , 1 :1 , 1 :3), small
amounts of the substances which caused the blue and rose spots on the
TLC plates came out together. Significant quantities of the substance
causing the rose-colored spot came out when ethyl ether was added to
pentane in the mobile phase. Mixtures of pentane and ethyl ether in various
proportions (4:1 , 3:1 , 2:1 , 1 :1 , 1 :2, 1 :3, 1 :4) were tried. The substance
causing the rose-colored spot came out easily with even small amounts of
ethyl ether in the mobile phase, but other substance(s) causing the brown
spot on TLC plates started to come off the column with it.
The fractions coming off the liquid column which were relatively free of the
0.7 rose-colored spot were found now to contain two principal substances,
both showing blue spots on the TLC plates: Rf values of 0.8 and 0.7 were
measured. A TLC plate with only one spot was not found. See drawing
below of a fraction free of the rose-colored spot.
Faint Blue.
Dark
OorK
inc.
TLC of Hexane-eluted fraction
The fractions showing the two blue spots were subjected to GC analysis.
Only one primary peak at 10.6 minutes was seen in addition to the solvent
peak. No peak at 4.2 minutes appeared. The NMR spectrum of the fractions
showing two blue spots is shown in the
appendix.
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An IR spectrum was obtained using the same sample dissolved in
deuterated chloroform that was used for the NMR spectrum just mentioned.
Strong peaks seen were: 2850-2950 cm-1 (C-H aliphatic stretch); 1450 cm-1,
1375 cm-1 (CH2, CH3 bends); 1075 cm-1 (C-0 stretch). Weak peaks
(possible contamination) seen were: 3625 cm-1 (free OH); 3500-3100 cm-1
(OH).
Fractions from the column which were rich in the substance which produced
the rose-colored spot with the Rf value of 0.7 were also subjected to GC
analysis. A large peak at 4.2 minutes was seen with these fractions.
The fractions which were rich in the substance which produced the rose-
colored spot were dissolved in deuterated chloroform and analyzed by IR.
Peaks seen were: a sharp, narrow peak at 3625 cm-1 (free OH); a broad
peak from 3550 to 3150 cm-1 (OH); 2850-2950 cm-1(C-H aliphatic stretch);
1450 cm-1, 1375 cnr1(CH2, CH3 bends); 1075 cm-1,1140 cm-1 (C-0 stretch).
Since the GC-MS library file suggested that the product with the retention
time of 4.2 minutes was cyclohexanol, reagent grade cyclohexanol was
subjected to TLC, GC, IR, and GC-MS analysis on the same instruments
used for analyzing the yellow oil and the chromatographed fractions.
Reagent grade cyclohexanol produced a rose-colored spot with an R{ value
of 0.7 on the TLC plates, a peak at 4.2 minutes on the GC, and and an IR
spectrum virtually identical to the one described in the preceeding
paragraph. The mass spectra of the 4.2 minute product and of reagent
grade cyclohexanol are seen in the appendix and are also virtually identical.
The GC-MS library file had no suggestions as to the identity of the product
with the molecular weight of 172, so no comparative studies with reagent
grade samples on TLC, GC and GC-MS were done.
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All fractions collected from the liquid chromatography column with hexane,
hexane-pentane mixtures, and pentane-ethyl ether mixtures were clear and
colorless. None of these fractions tested positive for peroxides with acidified
sodium dichromate. The yellow dichromate solution remained yellow in
color when mixed with all of the fractions just mentioned.
The white precipitate produced by the addition of 3 M NaOH (aq) to the
reaction mixture was only very slightly soluble in chloroform and benzene
and insoluble in methanol and DMSO. The IR spectrum showed a broad
peak from 3600-3100 cm-1 (OH). No other identifiable functional peaks were
seen. It had a melting point of 68-69 . Immediately after melting, it
appeared to bubble within the melting point tube. When this same
precipitate was heated in an open beaker, a liquid was driven off leaving a
white solid. The melting point of this solid from which the liquid had been
driven off was above 250.
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Treatment of Cyclohexene Oxide with BoraneTHF Complex in
the Absence of Wilkinson's Catalyst
Ethanol
no catalyst NaOH
+ BH3-THF
THF HoO2^2
(2)
A 3-neck round-bottom flask was flushed by a five-minute flow of
deoxygenated and dried nitrogen gas. Then 100 mL (0.1 mole) of 1 M
BH3-THF was injected into the flask using a syringe followed by the addition
of 10.0 g (0.1 mole) of cyclohexene oxide. The reaction mixture immediately
began boiling on its own. A reflux was maintained at 72 for 5 1/2 hours
along with continuous stirring and a nitrogen atmosphere. The reaction
mixture remained clear and colorless throughout the reflux.
The reaction flask was then placed in an ice bath until the temperature of
the reaction mixture was approximately 5. Then 40 mL of 95% ethanol,
followed by 30 mL of 3 M NaOH (aq) and 40 mL of 30% hydrogen peroxide
were added with continued stirring and a pause of several minutes after
each addition. The temperature rose to 20 with some fizzing after the
addition of ethanol. The mixture was allowed to cool 5-10 degrees. When
the NaOH was added, the temperature rose to approximately 30 and a
white solid formed. The reaction mixture did not change color significantly
after the addition of hydrogen peroxide. It was then allowed to sit overnight
with continued stirring.
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The heterogeneous mixture of colorless liquid and white solid in the
reaction flask were treated with 4 X 100 mL portions of ethyl ether. The
separated ether fraction was combined with anhydrous magnesium sulfate
to remove dissolved water, filtered, and then reduced in volume to 25 mL. At
this point, a pale yellow oil was observed.
The white precipitate which formed when 3 M NaOH (aq) was added to the
reaction mixture became tinged with a pale yellow color after sitting in the
reaction mixture overnight. It was separated from the water fraction by
filtration through filter paper followed by flushing with distilled water. The
flushing removed some of the yellow color from the precipitate. It was then
air dried. This precipitate melted at 68 ; it bubbled in the melting point tube
immediately after melting. No further examination of this white precipitate
was done.
The above reaction, workup, and extraction procedure was repeated three
times. The volume of the yellow oil obtained was 20 mL the second time
and 15 mL the third time.
Flame tests were done on BH3-THF and on the yellow oil to test for the
presence of boron. The flame of BH3-THF was yellow with green edges.
The flame of the yellow oil was predominantly blue with some yellow in it.
The yellow oil produced a burning sensation on the skin. It tested positive
for peroxide using acidified sodium chromate since the color of the chromate
ion changed from yellow to blue when mixed with a sample of the yellow oil.
GC analysis of the pale, yellow oil showed it to be a mixture of two primary
products which were in a 1 2:1 ratio for trial one, a 9:1 ratio for trial two, and a
1 2:1 ratio for trial three. The GC retention times of these two products were,
respectively, 4.2 and 10.6 minutes.
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The retention times of these two products by GC-MS analysis were 4.2 and
10.2 minutes respectively. The molecular weight of the 4.2 minute product is
100 and the molecular weight of the 10.2 minute product is 172. See mass
spectra in the appendix.
TLC of the yellow oil revealed three primary spots. The Rf values were 0.9,
0.7 and 0.2. The colors of the sprayed spots were dark blue, rose, and
brown respectively. The rose-colored spot had a small blue
"cap"
on it. TLC
of reagent grade cyclohexanol was done for comparative purposes. A rose-
colored spot with an Rf value of 0.7 was observed. See drawings below.
TLC of Unpurified Ether Extract TLC of Reagent Grade
Cyclohexanol
Attempts were made using liquid chromatography to separate the various
products in the yellow oil so that the TLC spots could be associated with
specific peaks seen in the GC analysis and the mass spectra. It was found
that separating the 0.9 spot (blue) from the 0.7 spot (rose) could be achieved
fairly well by eluting the column with pure hexane. The substance which
caused the fastest blue spot on the TLC plate travelled fastest through the
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liquid silica gel column. When the column was flushed with mixtures of
hexane and pentane in various proportions (4:1 ,3:1,1:1,1 :3), small
amounts of the substances which caused the blue and rose spots on the
TLC plates came out together. Significant quantities of the substance
causing the rose-colored spot came out when ethyl ether was added to
pentane in the mobile phase. Mixtures of pentane and ethyl ether in
various proportions (4:1 , 3:1 , 2:1 , 1 :1 , 1 :2, 1 :3, 1 :4) were tried. The
substance causing the rose-colored spot came out easily with even small
amounts of ethyl ether in the mobile phase, but other substance(s) causing
the brown spot on TLC plates also came off the column with it.
The fractions coming off the liquid column which were relatively free of the
0.7 rose-colored spot were found now to contain two principal substances,
both showing blue spots on the TLC plates: Rf values of 0.8 and 0.7 were
measured. A TLC plate with only one spot was not found. See drawing
below of a fraction free of the rose-colored spot.
Faint Blux
Dark
feiu.1
OorK
BUe.
TLC of Hexane-eluted fraction
The fractions showing the two blue spots were subjected to GC analysis.
Only one primary peak at 10.6 minutes was seen in addition to the solvent
peak. No peak at 4.2 minutes appeared.
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No NMR or IR spectra of the samples showing a GC peak at 1 0.6 minutes
was obtained because of the difficulty of collecting sufficient quantities of it.
Fractions from the column which were rich in the substance which produced
the rose-colored spot were also subjected to GC analysis. A large peak at
4.2 minutes was seen with these fractions.
The fractions which were rich in the substance which produced the rose-
colored spot were dissolved in deuterated chloroform and then analyzed by
IR. Peaks seen were: a sharp, narrow peak at 3625 cm-1 (free OH); a broad
peak from 3550 to 3150 cm-1 (OH); 2850-2950 cm-1 (C-H aliphatic stretch);
1450 cm-1, 1375 cm-1 (CH2> CH3 bends); 1075 cm-1, 1140 cm"1 (C-0 stretch).
Since the GC-MS library file suggested that the product with the retention
time of 4.2 minutes was cyclohexanol, reagent grade cyclohexanol was
subjected to TLC, GC, IR, and GC-MS analysis on the same instruments
used for analyzing the yellow oil and the chromatographed fractions.
Reagent grade cyclohexanol produced a rose-colored spot with an Rf value
of 0.7 on the TLC plates, a peak at 4.2 minutes on the GC, and and an IR
spectrum virtually identical to the one described in the preceeding
paragraph. The mass spectra of the 4.2 minute product and of reagent
grade cyclohexanol are seen in the appendix and are also virtually identical.
The GC-MS library file had no suggestions as to the identity of the
substance with the molecular weight of 172, so no comparative studies with
reagent grade samples on TLC, GC, and GC-MS were done.
All fractions collected from the liquid chromatography column with hexane,
hexane-pentane mixtures, and pentane-ethyl ether mixtures were clear and
colorless. None of these fractions tested positive for peroxides with acidified
sodium dichromate since the yellow dichromate solution remained yellow
when mixed with all of the fractions just mentioned.
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Reaction Study Using TLC of the Treatment of
Cyclohexene Oxide with Borane-THF in the Presence of
Wilkinson's Catalyst
+ BH3THF
catalyst
THF
Ethanol
NaOH
H202
(2)
Samples were removed from the reaction mixture with a capillary
tube at the following intervals: 1, 2, 3, 5, 10, 15, 30, 60, 120,
180, and 240 minutes. The samples were spotted on TLC plates,
developed, sprayed, heated, and examined. Samples of the solvent
and starting materials - THF, borane-THF, cyclohexene oxide
dissolved in THF, and Wilkinson's catalyst dissolved in THF - were
also spotted on the TLC plates, developed, sprayed, heated, and
compared with the collected reaction samples.
Drawings of the TLC plates on which only solvent and starting
materials were spotted are seen below.
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Drawings of the TLC plates on which reaction mixture samples at
1, 5, 15, and 30 minutes were spotted are seen below. The TLC
plates of samples collected after 30 minutes were virtually
identical to the 30 minute plate. This TLC reaction study was
done only once.
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Reaction Study Using TLC of the Treatment of
Cyclohexene Oxide with Borane-THF in the Absence of
Wilkinson's Catalyst
Ethanol
no catalyst NaOH
+ BH3THF
THF h,02^2
(2)
Samples were removed from the reaction mixture with a capillary
tube at the following intervals: 1, 2, 3, 6, 10, 15, 30, 60, 120,
180, and 240 minutes. The samples were spotted on TLC plates,
developed, sprayed, heated, and examined. Samples of the solvent
and starting materials - THF, borane-THF, and cyclohexene oxide
dissolved in THF - were also spotted on the TLC plates, developed,
sprayed, heated, and compared with the collected reaction
samples. Drawings of the solvent and starting materials are seen
in the previous section dealing with the TLC reaction study of the
Wilkinson's catalyst reaction.
Drawings of the TLC plates on which reaction mixture samples at
3, 6, 10, 30, and 60 minutes were spotted are seen below. The
TLC plates after 60 minutes were virtually identical to the 60
minute plate.
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60 minutes
The reaction study of the treatment of cyclohexene oxide in the
absence of Wilkinson's catalyst was done twice. The appearance
of the TLC plates was virtually identical for both studies.
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PART ONE: RESULTS AND DISCUSSION
As early as 1979, the template synthesis and properties of
macrocyclic complexes of La and Ce nitrates from 2,6-diacetylpyridine and
ethylene diamine were reported by Alan Hart and coworkers (27). The
template synthesis and properties of the complexes of several lanthanide
acetates and perchlorates using 2,6-diacetylpyridine and ethylene diamine
was demonstrated by L.M. Vallarino and coworkers in 1985 (8).
We were interested in the template synthesis and possible shift
reagent properties of a complex of praeseodymium acetate using 2,6-
diacetylpyridine and orfno-phenylenediamine:
^a
NH,
NH,
NaCl
+ Pr(OAc)3
CH3OH
2 OAc
CI -
n H20
(D
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The template synthesis and properties of the complexes of Ce, Pr, and
Nd nitrates from 2,6-diacetylpyridine and orffro-phenylenediamine were
reported in 1985 by Wanda Radecka-Paryzek (28 ). Professor Tom Bell of
SUNY at Stony Brook in 1989 suggested a simple lanthanide complex of the
macrocycle formed from 2,6-diacetylpyridine and orf/70-phenylenediamine
had been claimed, but he was doubtful that any bona fide complexes of this
ligand existed (29).
Since Dr. Robert Bryant from the University of Rochester in the
summer of 1991 (11) suggested that a lanthanide macromolecule made
with four aromatic rings instead of two would make a complex that was more
planar and hence would make a better MRI reagent, the decision was made
to attempt the synthesis of compound 1 using the successful synthetic
procedures employed by Hart and by Vallarino.
The green precipitate obtained from the attempted synthesis was
disappointing with respect to solubility characteristics. Since it precipitated
from the reaction solvent (methanol), NMR analysis could not be done in
methanol-d^ Furthermore, it was only slightly soluble in the polar solvents
water and DMSO, and insoluble in benzene, chloroform, pyridine, ethyl
acetate, carbon disulfide, and acetone as well as methanol. The solubility
problems made its use as a MRI reagent very limited.
Poor solubility of the green precipitate also made determination of
purity using TLC plates practically impossible.
The IR spectrum showed strong OH and
COO"
stretches. There was
an extremely weak peak at 1600
cm-1 (C=N stretch) compared to the IR peak
seen on a spectrum for the complex formed using 2,6-diacetylpyridine and
ethylenediamine as done by Eileen George (10). If the synthesis had
produced 1 , the C=N peak was expected to be much stronger.
The high melting point and also the negative test for chloride ion were
further indications that the product formed in our attempted template
synthesis was not 1 . This project was set aside in October, 1 992.
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In the fall of 1992, Dr. Morrill had another opportunity to discuss these
macrocycles withTom Bell (30). Dr. Bell suggested that the properties we
had observed could be associated with the structure in Figure 9, a complex
that had been produced and verified in his laboratories. (Pr3*) was not part
of the complex Bell and his coworkers synthesized, but was probably part of
the complex we had synthesized since praeseodymium imparts a green
color to its compounds.) The poor solubility problems and high melting point
might be explained by the cross bonding between the acetyl groups.
Figure 9.
Before this project had been set aside, we also attempted to repeat
the work of Radecka-Paryzek (28) since she had claimed success in the
synthesis of the praeseodymium nitrate complex formed from 2,6-
diacetylpyridine and orf/70-phenylenediamine:
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X-CC
NH2
+ Pr(N03)3
NH,
CH3OH
3
2 H20
We followed the synthetic method briefly described by Radecka-
Paryzek in the literature, which seemed virtually identical to the procedure
followed by Hart and by Vallarino, but our results were disappointing.
According to the Radecka-Paryzek paper published in 1985 (28), a yellow-
brown precipitate was obtained from the reaction above. The IR spectrum of
this precipitate included the following bands: 3450-3350 cm-1 (OH stretch);
1608 cm-1 (C=N stretch); 1595, 1568, 1455 and 1000 cm"1 (pyridine
vibrations); 1465, 1295, 1040, 823 and 743 cnr1 (coordinated nitrate ion
stretch). Her results were also verified by NMR, Mass and UV spectra.
We obtained a yellow-brown precipitate from our three attempted
syntheses of the praeseodymium nitrate macrocyclic complex seen above.
The IR spectrum showed the following absorption bands: 3350 cm-1 (N-H
stretch); a small peak at 3100
cm-1 (aromatic C-H stretch); two small peaks
at 2900 and 2950 cm-1 (aliphatic C-H stretch); small peak at 1700 cm-1
(C=0 stretch); peaks at 1600 and 1650 cm"1 (C=N stretches); 1495 cm-1
(CH2 aliphatic bend). There was no band for the OH stretch. We were not
able to determine whether our synthetic method was exactly the same as
that of Radecka-Paryzek. No current address for her was available.
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PART TWO: RESULTS AND DISCUSSION
The work described in Part Two of the Experimental Section
developed out of earlier studies done at RIT in which attempts were made to
open cyclopropane rings using two B-H bond sources and in some cases,
Wilkinson's catalyst.
As mentioned in Part Two of the Historical Review, Kevin Gillman (23),
in our laboratories, hydroborated the cyclopropane ring of a strained
polycyclic compound (quadricyclene) with Wilkinson's catalyst:
l.(PPh3)3Rha
Catecholbonne
THF .5*C
2.H202,OH
quadricyclene notricyclanol (9.9%)
Donna Chen (24), also in RIT laboratories, attempted to hydroborate
the less strained norcarane using Wilkinson's catalyst without success. In
addition, a mixture of norcarane and Wilkinson's catalyst showed no NMR
changes after the attempted complexation.
o
norcarane
-f BH3:THF
l.(PPh3)3RhCl
Reflux
2.H2Oj.OH
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These results indicated that most three-membered rings were difficult
to cleave in spite of their pi bond character unless there was extreme ring
strain as in the case of quadricyclene. We thought that a three-membered
ring containing oxygen might be hydroborated more easily because of the
unshared pairs of electrons on the oxygen atom, thus giving the ring more
electron density. We also thought that using an elevated temperature would
facilitate this process.
H.C. Brown and coworkers found that the reduction of epoxides with
borane-THF was slow at room temperatures (31). Addition of trifluoroborane
(32) or a catalytic amount of sodium borohydride (33) to borane-THF,
however, was shown to effect ring opening faster at room temperature. We
simultaneously tested the effectiveness of an elevated temperature (72)
and of Wilkinson's catalyst in the opening of the epoxide ring of cyclohexene
oxide:
bh3-thf
catalyst
Ethanol
NaOH
THF H,0
(2)
+ BH3-THF
no catalyst
THF
T->2
Ethanol
NaOH
H,02^2
(2)
If an epoxide ring is opened and an organoborane is formed, the
standard oxidation procedure by alkaline hydrolysis of the alkoxyboranes
which are formed yields alcohols (Part Two: Historical Review).
The treatment of cyclohexene oxide with borane-THF using
Wilkinson's catalyst was repeated three times with consistent results. A pale
yellow oil was obtained from the ether extract. Approximately 60% of the
46
yellow oil was one product, according to GC analysis. The rose-colored TLC
spot with an R, value of 0.7, the IR and mass spectra, and the GC retention
time of 4.2 minutes of this product matched the results found with reagent
grade cyclohexanol. Thus, approximately 60% of the ether-extracted
product mixture from the Wilkinson's catalyst reaction was cyclohexanol.
The treatment of cyclohexene oxide with borane-THF in the absence
of Wilkinson's catalyst was also repeated three times with consistent results.
A pale yellow oil was obtained from the ether extract. Approximately 70% of
the yellow oil was one product, according to GC analysis. The rose-colored
TLC spot with an Rf value of 0.7, the IR and mass spectra, and the GC
retention time of 4.2 minutes of this product also matched the results found
with reagent grade cyclohexanol. Thus, approximately 70% of the ether-
extracted product mixture from the uncatalyzed reaction was cyclohexanol.
A summary of the results of the catalyzed and uncatalyzed reactions
is shown in the Table below:
Catalyst Temp Reflux Time Primary Product % of the
of Ether Extract Ether Extract
YES 72 5.5 HOURS CYCLOHEXANOL 60%
NO 72 5.5 HOURS CYCLOHEXANOL 70%
Since the yield of cyclohexanol was higher when no catalyst was
used, it can be concluded that no catalyst is needed if the temperature is
held at 72 and that the presence of the catalyst may actually interfere
slightly with the production of the alcohol.
A suggested mechanism for the synthesis of cyclohexanol by means
of the hydroboration-oxidation of cyclohexene oxide is as follows:
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2BH,
H20
OH
0+BH2
The reaction studies done using TLC, although very qualitative,
indicated that there was an excess of unreacted borane in the reaction
mixture. Borane was the light blue spot (Rf value close to zero) which
appeared on the TLC plates throughout the 5.5 hour reflux. (Ap-
anisaldehyde spray and heat was applied to the TLC plates to impart color
to the spots.) Cyclohexene oxide, which appeared as a fuzzy spot (Rf value
of 0.95), disappeared from the TLC plates within the first half hour. From
this, it can be concluded that cleavage of the epoxide ring was achieved
fairly quickly at 72. In addition, there was no evidence of cyclohexene
oxide in the GC spectrum of the product mixture (cyclohexene oxide
produces a GC peak at 3.9 minutes). TLC plates derived from the
Wilkinson's catalyst reaction showed no change in appearance after 30
minutes. TLC plates derived from the uncatalyzed reaction showed no
change in appearance after 60 minutes. Refer to Part Two of the
Experimental Section for drawings of these changes. Sustaining the reflux
for the full 5.5 hours was probably unnecessary with both reactions.
The treatment of cyclohexene oxide with borane-THF (with and
without Wilkinson's catalyst) produced one other product of interest. We are
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uncertain of the identity of this product, largely because of our inability to
obtain adequately pure samples of it. According to GC-MS, this product had
a M.W. = 172. It produced one of the fastest travelling blue spots on TLC
plates, had a GC retention time of 10.6 minutes, and showed strong peaks
representing an aliphatic C-H stretch, CH2 and CH3 bends, and a C-0
stretch in the IR spectrum. The IR spectrum suggests an ether. Ethers
which could possibly result from the reactions we tried are trans -1 ,2 -
diethoxycyclohexane, (4), or c/'s-1,2-diethoxycyclohexane, (5), (M.W. = 172).
See Figure 10 below.
cc cc
OC2H5
OC2H5
Trans^ ,2-diethoxycyclohexane C/s-1 ,2-diethoxycyclohexane
(4) (5)
Figure 1 0.
A literature reference was found for the trans form, compound 4, of
this particular ether (34 ). No references were found for cis -1 ,2-diethoxy
cyclohexane in the index of Chemical Abstracts going back to1952. In the
reference for the trans form of the ether, the NMR peaks were listed as
follows: 1.15 (t,6H), 1.5-2.3 (m,8H), 3.15 (m, 2H), 3.55 (q, 4H). The NMR
spectrum was recorded using Varian EM-390 and Varian FT-80A
spectrometers.
The NMR spectrum for our product with a GC peak of 10.6 minutes
shows the following peaks: multiplets at 0.8, 1 .2, 1 .6, 2.0, 2.9, 3.15, and 3.5.
This spectrum was recorded using a Bruker 200 MHz spectrometer.
Although there is agreement of this spectrum with some of the NMR peaks
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associated with pure trans -1 ,2-diethoxycyclohexane, there are additional
peaks, not related to the trans diether, and these indicate a mixture.
This same sample, which had been eluted with pure hexane from the
LC column, had also shown two significant blue spots on the TLC plate, so
the inconclusive results of the NMR spectrum were not surprising.
Trans -1 ,2-diethoxycyclohexane is not commercially available. We
have not synthesized it from the frans-1,2-cyclohexanediol, so comparative
studies with our reaction product were not done.
We suggest the following mechanism for the synthesis of 4 from the
hydroboration-oxidation of cyclohexene oxide:
O BH,
O BH,
The white precipitate which formed when 3 M NaOH (aq) was added
to the reaction mixture had a melting point of
68-69 and showed a broad
peak representing the OH functional group on the IR
spectrum. The
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recorded melting point of Na2B4O7-10H2O, sodium tetraborate
decahydrate, is 60. The recorded melting point of Na2B407-8H20, sodium
tetraborate octahydrate, is 75. The white precipitate produced by the
reactions in this thesis could be a impure mixture of these two borate
compounds and/or other borates or organoborates. Both the white
precipitate and the borate compounds just mentioned have an Rf value of
0.0 using the same stationary and mobile phases that were used for all other
TLC tests performed. The white solid and the borate compounds mentioned
above would not burn when subjected to a Fisher burner flame. The
production of a borate compound by a hydroboration-oxidation reaction is
common.
Approximately 25% of the GC peak areas from the ether extracted
products resulting from these reactions had GC retention times of three
minutes or less. No special effort was made to identify these short retention
time compounds.
The most interesting part of this research was trying to identify the
product with the molecular weight of 172, which we referred to as our
"mystery
compound."It was noted earlier that a higher percentage of
cyclohexanol occurred in the ether extract when no Wilkinson's catalyst was
used. It should also be noted that a higher percentage of the "mystery
compound"
occurred in the ether extract when Wilkinson's catalyst was
used. Since the quantities of the yellow oil extracted by ether were
approximately the same for the catalyzed and the uncatalyzed reactions, this
means that more of the "mystery
compound"
was obtained in terms of
quantity, not only in terms of percentage of the ether extract, when
Wilkinsons catalyst was present.
We suggest that if research continues on the hydroboration of
cyclohexene oxide, larger quantities of Wilkinson's catalyst should be tried
to see if this would further improve the yield of the "mystery
compound."
Another suggestion stems from the unavailability of a commercial
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source of compound 4. Attempts should be made to synthesize 4 in our
laboratories by using the commercially available trans-1 ,2-cyclohexanediol.
Once 4 is synthesized, GC, TLC, and GC-MS comparison studies can be
made with the hexane-eluted fractions from the LC column.
More effort also needs to be expended in the area of finding optimal
temperature and time parameters for this reaction.
In summary, the following significant information was learned from the
experimental work described in Part Two: (1) the epoxide ring of
cyclohexene oxide was completely cleaved by borane-THF at 72 in less
than 0.5 hours; (2) at 72, Wilkinson's catalyst was not essential to this
cleavage; (3) TLC plates showed that there was no cyclohexene oxide
remaining in the reaction mixture after 0.5 hours of reflux, indicating that the
extended 5.5 hour reflux time was unnecessary; (4) we observed
cyclohexanol as the primary product found in the ether-extracted product
mixture; (5) approximately 70% of the ether-extracted product mixture was
cyclohexanol in the case of the uncatalyzed reaction, while approximately
60% of the mixture was cyclohexanol in the case of the catalyzed reaction,
suggesting that the catalyst may have interfered slightly with alcohol
formation; and (6) there was some evidence that another minor product
formed was frans-1,2-diethoxycyclohexane.
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